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K 8843 

ccKDCcrrray hetcimg a ouftcerbanemi oil shks »jo 

CKt^TE PERMEftBILTK AND SSlfiSICUWOA' PRDDCCB OIL 

This invention rolates to xaxwpxiog oil. from a subtatraiiean 
oil shala by means of a caoeiastivo heat drive process. More 
particularly , the invention relates to treating a relatively thick ► 
and substantially catpletely inparneable sd3torrancan oil Bhaie by 
n<sans of conductive boating saozsae which both creates a 
perraaable zone within a selected portion of the oi I shale and 
subsequently produces shale oil hydrocarbons. 

A perneabili fcy-aldsd type of conductive heat drive for 
producing oil from a subterranean oil shale wan invented in Sweden 
by F.LJxinxjfctroem. That process, which wita invented abont 40 year 3 
ago, was cormorcially ueed an a snail scale in the l^s. It is 
o^esribad In Swedish Patents No*. 121,737> 123,136: 123,137; 
123 ,138; 125,712 ant? 126,674, in United etatao Patent bfo. 
2/732,195, and in journal articles such as: "Ondergrcnnd Shale Oil 
Fyrolysis According to the kjungstroam Hatted", XTO \folwna 7* 
(1953} No, 3/ pagas 118 to 123/ and "Net Busrgy Recoveries For The 
In Situ Oielectric ttoatijtg of Oil Shale", Oil Shale Symposium 
Proceedings 11, paqe 111 to 330 (1978). In the Swedish praoaa*, 
Ivaat injection wells and fluid producing wells were oonpleted 
within a permeable near-surfaco oil ahale formation so that there 
was loss than a threa-cnetre. separation, betsaaan the borehslea* lfr\e 
}iaat injection wells were equipped with electrical or other heating 
olcnauts which were suxxounded by a mass of nateriai, such as send 
or cedent, arranged to transmit heat into the oil shale Vhile 
oreventing any inflowing or outflowing of fluid. In the oil ahale 
for which tite Swodi&h jArouass wae designed a)>d tested, tho 
Permeability was such that, duo to a cneitinoouH inflowing of ground 
water, a cxsitinuous penrpin^oot of water was needed to avoid 
wasting energy by evaporating that water. 

With respect tn .substantially conyletoly iaportneahle, 
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relatively dtsap and ):elaLivo2y thi<:K oil Ghaie deposits, such as 
ttase vn the Piceance Jiafli.n irt the Unit*** statov, the possrUnlity 
ol utilizing a ccutttoctive heatiJDg prooaas tar practooinq oil was 
previously ooiisiclorcd to be — accordinti to prior teachings and 
beliefs — (vrmanically unfeasible. For example, in the 
above-identified Oil ShftLs Syitposvuni, the Ljurufatanoem pcrocosa its 
characterised eta a process whicfc '\ successfully reaovenned shale 
oil by entfcedding tubular electrical heating elnrciits within 
high-grade shale deposits. This method relied on ordinary tJienr&I 
diffusion for shale bating, which, of. course r requires largu 
tenperattfro gradients. »Chus r heating «as very nun-uniform; itonths 
ware required to fully retort airall man-size blocks of shale. 
Also, Jtueli beat energy was wasted in undbrhiiatinq tlie chaie reginn» 
bflyonrl the periphery of tlie retoutjTig zone and overhftaliJTg the 
shale closest to tta heat source. The. latter problan Ik especially 
important iu the case of Tfestem stales r since thermal energy in 
overheated zones, cannot be fully recovered by diffusion duo to 
cndothorcttlo reaction? which take place abovo abort 600 *C, n (page 

In .tubs tan bially inpemeabte types of relatively thick 
ttibterxanean oil shale farTT»t-i.00S/ tbo creating and mabttainiog of 
a pcjaittable ibone lihiroagh which the pyrolysis products can be flowed 
liaa been found to be a severe problem. In uft Patent tto* 3 f 4$8,376, 
it is stated (in cols. 1 and 2) that "there are two jncchanisne 
involved in the transport of heat through the oil ahale. Heat is 
transferred through the solid mass of oil shale by conduction, mm 
boat is also transferred by ounMBcfcion fclurough the solid trass of 
oil shale, she transfer of heat by conduction is a relatively Blow 
precast?. The average thermal oandactiyity and average thenral 
dif f asivity of oil shale are aJwut thoes of a firebrick. The matrix 
of snljd oil shale has an extreoely low psrraabiUty ituch lite 
unplatted patrcalaj.n. As a Jesuit, the ccnvcctiva transfer of hjeat ic 
lJiftiteJ to heating by fluid flows obtained In open channels which 
traverse the nil shale. 'Ihee© flow channels nay b» natural and 
artificially induced fractures- On heating , a layer of 
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pyrolyzed oil shale ballets adjacent the channel. Tide layer i.3 an 
ii^organic wineral rttitrix which cont&Lmi varying clegrocs of carbon, 
liie layer ia an evcr^-expanding barrier to heat flew from the 
heating fluid in the channel." The patent is directed to a prooeRB 
for circulating heated oil shale^pyrolyaing fluid through a flaw 
channel while Adding abrasive particles to tte circulating fluid to 
erode the layer of pyrpiyzed oil shale being formed adjacent to tlio 
channel. 

Although the theimal cenductiviiy and thorawi diffiwivity of 
many subterranean oil shales are, an fact, relatively admitex to 
those of unglaxed porcelain and firebrick, US Patent No 3,237,689 
postulates that "a rapid aA'anoe of a hoat front" (Col. 3, line 7) 
cad be obtained by exx^ianging haat between bhe oil shale and. a 
nuclear reactor cooling fluid and describes systems for uaing such 
reactors either located on the earth's surface or In the oil shale 
deposit. 

IS Patau* No, 3,2M,281 eay* (at Col. i r lines 3-21), "tha 
production of oil from oil shale, by heating the ahale by various 
mean* such as ... an electrical reeistarae heater . . . has been 
Attempted with little succejw. , ♦ . Fracturing of the shale oil 
prior to the application of heat thereto by In situ oorctousliian or 
other means has been practised with little success because the 
shale hwe3J.3 upon liaating with consequent partial or complete 
closure of the fracture*. The patent describes a proces* of 
sequentially heating (and thus extolling) the oil shale, then 
injecting fly id to tydraulically fracture the swollen shale, then 
repeating titoae stepe uiTtil a hoat-ttable fracture has been 
propagated into a pTOdi>ction wall. 

US Patent Ho* 3,455/383 daecrihee the acctniulatico of 
partially depleted oil shale fragments within a flow channel such 
as a horizontal fracture being held open by tba pressure of tte 
fluid within the channel. The patent discloses that if the channel 
roof is lifted to ovjttntain a flow path above such a lay^r of 
SacOeted shale, the overlying forflintions mast he bent and, without 
precautions, will bend to an extent causing fractures to extend up 



to the surface of the earth, TYtC patent Id directed to a proce** of 
InrterndtteniJy reducing the pressure on the fluid within such as 
fracture to allow tha weight of tin? ovextourdon to crush and compact 
the layer of depleted shale* 
5 Tn a si<jnificant portion of substantially int^naeabls aivi 

relatively thick oil shale deposits, such aa those in the Pioaance 
Basin, a valuable resource of altxninumi is prs$ent in the form of 
dawsonite. In US Patent Xto* J,3S9,97S, directed to recovering 
alvrctinium valuta* from retorted oil shales which have baan mined cat 

10 from such deposits, it ie pointed out tMt» in a substantial 

absonoa of water, at tsatperatures of about L300 g P the dau&onite is 
converted to crystalline sodium aUadnato. Such a water- £rae 
retorting can daoonpoa© dolomite in the shale to produce carton 
dioxide, calcitc, and ragnesium oxide so that nagncsiuffl oxide 

]5 ccublnaa with part of the silicon dioxide in the Altaic, in a manner 
pcrautting a higher recovery of the aluminium values by a loachifig 
process. US Patent No< 3,502,372, directed to utilizing solution, 
irriniug to recover daweonite, indicates that ^are tha pyrolyni? is 
effected by an aqueous fluid, such aa a team or the products of 

20 undargrouod ccefcustlon, it must be conducted at a low tenperature 
and thus relatively slowly, to avoid converting tlic daweonite and 
othar soluble aluminium c AJU go u nfls to an insoluble material such aa 
analcite* In US Patent Nj. 3,572,838, a similar relatively low 
teaiperAtura pyrolysd a ia alternated with infections of an aqueous 

2^ alkaline fluid oantaiiung an acid- insoluble chelating agent to aid 
in leaching daaraoriite without focrdug auch Insoluble materials* 

Ehe present invention relates to * process for condvetitfely 
heating a subterranean oil shale formation in a manner arranged fox 
producing oil from a Subterranean oil shale formation which ifi, 

X) initially, substantially unpenreable. m accordance with this 
invention, the portion of oil sbala deposit to be treated is 
selected, on tha oasie of tha variations vith depth in the 
cmpoeitlon an properties of its oonponjente, to have properties 
capable of interacting in a rranner which enhance* the unifurmity of 

^5 the heat front* to an extent Limiting tha tine and ercxgy 
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oxpeaditures producing tha oil to values equivalent to lea* than 

the value of the oil whicli is produced. Tho selection of the 

treatment interval ia based on the grade and thickness of the 

portion of oil shale deposit to be treated and the enhancement it 

provides amounts to reducing the a«ount of heat energy lost duo to 

exothermic side reactions and increasing the amount of oil 

recovered fro© a given grade of oil shale. 

In accordance with this invention (at least two valla are 

completed into a subterranean oil aha la treatment interval which 

1&. substantially irapenneable, contains substantially no wobile 

water, is at least about 30 m thick, la capable of confining fluid 

at process pressure, at leaat substantially witbin the treatment 

interval, and contai.uu & grade aod thickness of oil shale such 

that the average grade in gallons of oil plus gas equivalent par 

ton by Fieoher Assay ia at leaat about 10 and the product of the 

grade time* the thickness in net re* of the oil shale ia at least 

about 900. 

Thus, the present invention provides in a process in 
which cU is produced fron a subterranean oil shale deposit by 
extending at least on* each of heat-injecting and fluid-producing 
wells into the deposit, establishing a heat-conductive fluid- 
impermeable barrier b*ttreen the interior of each beat- in j acting 
well and the adjacent deposit, and then heating the interior of 
each heat-Injecting vail at a temperature suff leleot to 
conductive iy heat oil shale kerogen and cause pyro lysis products 
to id tin fractures within the oil shale deposit through which the 
pyrolyais products are displaced into at least one production 
well, an improvement for enhancing tha uniformity of the beat 
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fronts moving through the oil shale deposit, which comprises r 

determining variation* vitti depth in the composition and 

properties of the oil shale deposit; 

completing said heat-in Jeering end fluid-producing wells 
selectively into a treatment interval of oil shale In which 
the oil shale deposit {a) is at least about 30 m thick, (b) 
ia substantially Impermeable and free of mobile water, 
[c] has a composition, end thickness such ttiat the product of 
the average Fischer Aseay grade times the thickness of the 
treatment interval is at leaet about 900, and 4d) thereby 
contains components capable of interacting in a taaaner 
enhancing the uniformity of a front of conduct ively 
transmitted he At, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the veil boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m; and 

within the interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 600°C, but ie not 
high enough to thermally damage equipment within the mil, 
while heat ie being transmitted, away from the well at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location in which a subterranean oil shale may 
contain portions which are generally suitable for use as a 



1288043 

-5b- 63293-2743 
treatment Interval (as described above) but ace ape to be 

Pernio a ted by substantially disconnector natural fractures and/ or 

planes of weakness as wall as being located near boundaries of the 

oil recovery pattern and /or near a potentially active aquifer, the 

operation or the pre tent process can advantageously be combined 

with a use of "guard vails" located near the periphery of the oil 

recovery pattern and/or between a production veil and an aquifer. 

Such guard veils are extended at least substantially throughout 

the vertical extent of the treatment intervals end the adjacent 

formations are initially heated by thermal conduction in a manner 

similar to that enplcyed in the heat- injecting wells, except that 

the guard wells are heated at temperatures which are too low to 

gasify significant proportion of the oil shale organic components 

but are high enough to cause a significant thermal expansion of 

the rock matrix of the oil shale deposit. 

In some instances, it nay be desirable to maintain such 
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re3.atiycly low t«rperanu"e guard veil twating throughout at least a 
substantial portico of tha shale oil recovery proceaa. in other 
instances, aftor an initial rB3ativcly low tectparature heating of 
the gua-rrS wlls, it may ba odYantogeou? to Ileal guard m>11h at 
5 about the temperature selected Jtor the heat-injecting wells r iii 

order to expand the pattern of trails from which oiJ is displaced by 
thermal conduction. 

as used herein xtjgarding the gcade of the portion off oil shale 
to be treated, the "average grade in gallons per ton by Fischar 

10 Assay" rufiirt to the following: ttie det^ttdnation is or is 

equivalent to a dHterninatlcci conducted substantially an describes 
in tha A&B4 Standard Test Method li 3904-60, Crufihcd raw shale in 
sanpled by riffle-splitting. The Qeterranaticn of tho amount o£ cxil 
plus gas equivalent available from oil sha3e is made by heating tho 

15 raw shale from ambient Cen^eratUZC to 500 ft C in cast alyn4ni\Tn>- 

alloy retorts, nho vapours distilled from tho sarcoid ana cooled and 
tha condensed fraction la collected, Ths oil and water fractions 
are separated, the rater voluott {oonvterted to weight equivalent) is 
rasasured and subtracted from tho oil plac Mater weight* Ifhe weight- 

20 of uneordansable gases evolved <gas-plus-loss) is then calculated 
by difference, the gxadt» r as used in the "grade times tMckness in 
metres of oil shale" product, is the gallons of oil plus 
I^ybrooarbon gtis equivalent corresponding to the total weight of nil 
plus hydrocarben gas evolved by the heating- 

2S The wells are completed into the treatment interval and are 

arranged to provide at least one each of heat-infecting and fluid- 
producing wllg having boreholos which f substantially throughout 
the treatment interval, are substantially parallel and aro 
separated by substantially equal distances of at. least about 6 til 

jo In each IsBat-injacting well, substantially throughout the tTeaiment 
interval, tho weJLl-suiroiandino, face of the oil shale f omut ion is 
weaned vrith a solid ratorial and/or cement which is relatively heat 
condnstfve and substantially fluid irnpeoneabl** In each fUaid- 
pitjducing w?ll r substantially throughout tlio tzeabtent interval, 

jo fluid oanitoanication is established between the well borehole and 
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tins oil shale fogitfttlco and t>w is arranged for uixxlucirwj 
fluid iron the oil 3rtalo formation. The interior of each 
heat-lnjectin? w31 is boated, at least snbstanHaUy throughout 
tJie treatment intervaL, at a rate or rates oapnhlp of (a) 
5 increasing the teitpBrwtare within the baroholfc interim: to at least 
abiyjt $00 9 C asd fh) maintaining a borehole interior tjoiparature of 
at least about 600 *C without causing it to beccttfi high enrxigh tn 
thermally damage equipment within the borehole white tJie rate tit 
which boat i* generated in the borehole is substantially equal to 

jq that permitted by the neat ooaviuctivity of the oil bhale fcmiMti an. 

In a preferred aitodiaent of the present process, the. notarial 
for scaling the face of the oil shale formation along the boreuolo 
of at least one heat-infecting well is a closed bnttan rasing 
granted by (xmant orxanged to fill substantially all nf tha spaix* 

i$ batwaen each cutennost netnliic element present within the interior 
of ths? borehole and the adjacent face of tha oil shale formation, 
with said cement having a themel contetivity at least 
enhptant tally as high as that of the oil shale fionnatica. 
Eteteamnstlanc mad* of variations with depth ill tha 

2D ootnpa&iticxi and propaartiss of the oil shale deposit and, in a 

particularly preferred procedure, baaed on tha variation with depth 
in the heat, conductivity of the oil shale deposit, tha heat- 
injecting well? axe heated so that relatively higher eespcraturos 
arts applied at daptha adjacent to portions of the oil shale deposit 

25 in \A\ich tha haat condoofcivity is relatively low. In addition, ar 
alternatively, in various situations, the effective radius of at 
least one heat-Injecting well is increased by creating an expanded 
portion of the well boroltedo and Extending heat-conducting metal 
elements frcro within the heated veil Interior to near the wall of 

30 tha expended portion of tha borehole* 

The present process is valuable for use within a treatment 
interval of oil shale which contains other valuable minerals such as 
damsonice and/or nahoolifce. In such a situation the present pneoess 
creates a pencrabla tone which is selectively located/ within the 

35 treatment interval and substantially within the boandarios of tho 
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well paLtom used ±ar the oil prcxhictica* The resultant pcnncabla 
zone a zona from vhicb aoch other minerals can ba aaLntiofn- 
inined* 

In general, tJie present invention is applicable to 
substantially any subtcrxunean nil ahal* deposit cmtaining on 
interval of BubntanHany iuf^rco&able oil sha3« which is 
suhai3tiM.ia.lly free of mobile K&tet:# is irurc than about 30 to tMcfc, 
and has an adequate average grade in gallons per tjun (Fiariher 
Assay) to give a grad^thiekneas product of about 900 or greater* 
Ths average grade of the heated Interval should be greater tlian 
about 10 gallon* par ton fPisdier Assay) . V&thin these liravtaticnc, 
a higher grade- thickness product is increasingly desirable if other 
conditions such a? depth xeoain the same. 

tte invention will now be explained in greater detail witti 
inference to the aooao^xuiying drawings, in vliichs 

Figure 1 shows a plot of relative rate of return (RED for 1982 
US dollars invested in installing and operating the process of the 
present invention, as a function of oil shale grade-tfuckness 
CGCTI) product, to produce shale oil at its 1982 valoe. 

Figure 2 illustrate* a plot of thermal prof 1 las at an 
observation well regarding teMperatures measured at. different 
depths [0) and tinea within that wall. 

Figure 3 is a plot nf the radial thsrraal profiles at the 
middle of a heated none after different tiznea of heating. 

Figure 4 id a plot of thermal <X3n3uctivitie& parallel and, 
perpendicular to the bedding planea of an oil shale as a function 
of tenperatur©. 

Figure 5 is a graph of Fischer Assay yield with depth (D) In 
and above a heated portion of subterranean oil shale. 

Figures 6 and 7 are plota of horizontal and vortical 
tfinprcature profiles within a heated portion of subterranean oil 
shale formation. 

Figure 8 ie a echeoatic illustration u£ a portion of a *«eJ* 
cotxp lotion Brr a nggme n t soi table for practising the present 
invention- 



X28SQ43 



- a - 

v»Zl pautom used for the oil production* The resultant pcruioahle 
zone is a zoom from which soch other minerals can ba anlnti on- 
roined* 

In general, tte present invention is applicable to 
substantially any subterranean nil shal# deposit containing on 
interval of Htibstantf ally inqperofeable oil shata whach is 
substantially **co of mobile KaCer< is ffurt than about 30 ra thicfc, 
arid has an adequate average grade in gallons per tin (Finrher 
Assay) to give a grada-thickness product of about 900 or greater. 
Ths average grade of the heated interval should be greater tiian 
about 10 gallons per ton (Fischer Assay) . within thaaa lrnrisaUons, 
a higher grade- thickn&ss product is increasingly desirable if other 
conditions sunh as depth retrain the sane. 

T9vs invention will now be explained in greater detail with, 
reference to the aooaapanying drawings * in which: 

Figure 1 shows a plot of relative rate of return {RRl for 1982 
US dollars invested in installing and operating the process of tba 
presort invention, as a function of oil shale grade-thickness 
COOK) product, to produce shale oil at its L982 valpa. 

Figure 2 illustrates a plot of thsmal profiles at an 
observation well regarding teitperatures cneasured at Afferent 
depth* (D> and fcuneii within that wall. 

Figure 3 is a plot of the radial thermal profiles at the 
middle of a heated sane after different tinea of heating. 

Figure 4 is a plot of thermal conductivities parallel and 
perpendicular to the tedding planes of an oU shale as a function 
of tcopcrature. 

Figure 5 is a graph of Fischer Assay yield with dspth (D) in 
and above a heated portion of subterranean oil shale. 

f igures 6 and 7 are plots of horizontal and vertical 
tCTpecature profiles within a heated portion of, subterxanaan oil 
shale formation. 

Figure 8 is a schematic illustration, o£ a portion of a «eJl 
conpletion arrangsnnpnt suitable for practising the present 
invention- 
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tar sand, IjjungstZDsa beach*,? that tha in situ heating and 
pyxolyzing should bo dans, in a portion of tJte ispamsablo formation 
which is vertically contiguous to a vgell- Intur cunnectiug fracture 
or a layer tdiich hoB different geological character and ia 
5 permeable to flow of the fluid products of the heating ur 
pyrolysis. 

Contrary' to the implications of such prior teachings an) 
beliefs , Applicants discovered that, the presently deHcHbeo; 
conductive heating process is ceonoraicaiiy feasible for use in a 
1(1 substantially impermeable subterranean oil shale* This is not 

obvious, particularly in view of the fact that the present process 
uses a much larger well spacing than that used in tha Swedish 
process and the present process ia coodnctad by heating the 
injection wells to tenpexatures of at least about GOO »C Jaltfaoogh 

15 600 *C has basn said to bu conducive to an feconoffdral3y untenable, 
heat-wasting, end^thezmic reaction^ see the Oil Shale? 9yirpoBdpnt 
Proceedings mentioned above) . 

By means of laboratory and field test tneasuresneftts and 
mathematical noctela of the present: process, applicants have found 

20 that whan tha wells are speced, completes, and operated as 
presently Ascribed, the only region in which heat energy is 
utilized in an endotherinic reaction amoants to less than about l* 
of tha area to ha heated, and tha energy lost in that fashion ia 
insignificant- Appl ic ants have manured the rate at irtiich 

25 substantially iupormaable oil shale fonriatiana axe heated by 

conductivity, and have ddt^mttirad tha amount of boat required for 
pyxolysing kerogen and thermally pressurizing the pyrolysis 
products to pressures capable of fracturing a relatively deep oil 
state fornntion and thermally displacing pyrolysis prodncts through 

.30 tha so-created permeability, 

The data obtained by such ngd&orenents in the field and in the 
laboratory hove been eicplayed in calculations of power require- 
ments, ecananics, tims to start production, project duration* 
amount of production, etc., in natheaatical similatians that 

35 correlate wit'h the field and laboratory data and iudicsate the 
cna^nitucSes of such factors in respect to a full scale prrraas. 
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T>x)re calculations indicate that thR presently defined process i* 
tha only shale oil. production proccsn of wht.ch cijvlicanrj* atro cwun 
which is capable of cccxiamicjvlly detaining oil frefn a relatively 
lew grade oil whale forjnation, sach as otw in vhich tha Fischer 
Assay is only 15 gallons or less per ton. This capability can 
increase the petroleum renervoa of a aicpvi Qonnt propoffrtico of the 
oil slMde londn by a iactor of six. In actticicn, with respect to 
pxoosssec for v>odergxou]ui mining and atria fied in situ retorting al 
Oil ahale, the preeent process significantly iiv?rcasc& the amount 
of available reBoartea by eliminating the naud tar support pillar* 
and iutarburden between roijiing zotv&a and by providing a means £ur 
treating snbstant tally All of a very thick interval of oil fjhalc. 

The present process can advantageously be applied to an oil 
shale formatian in which there i& Bigndf leant concentraticn o£ a 
mineral such as dasresortiba or nabcolite. In such a formation the 
process prcwidew a paxneabls wane froca which such a mineral can be 
recovered, in addition , the present process is particularly 
advantageous Jit converts dawsanite to water-soluble <xxnpziiiuls of 
aluminiiiit (probably rra^iraona) which have been (both chemically 
said physically) irafle available for solution-cnining to produce the 
aluuinima — an essential raatarial which is in short aupply vitiiin 
the United States. In contrast to many previously proposed 
processes, the process of the present invention requires sub- 
stantially no water, involves irriirunal lard disrupt ion, and can ba 
conducted with minimal atmospheric pollution. 

Figure 1 Bhcws the relative rabo of return tor 1982 US dollars 
invested in installing and operating tha present process in field 
ajppld cations that have boon natharaatically nodalled from data 
obtained fey field and laboratory nnaxurxneats. 

A jnxLaar of injection and production wells 5s drilled into an 
oil shale formation 4B m in thickness with 120 n of overburden, The 
average, oil grade of the interval is 20 gallon* per ten as deter- 
winsd by Pdschcr Assay. 

Ita well pattern i* a seven-spot with each heat injector at 
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the center of a regular hexagon surrounding a central producing 
well* The spacing is 22*5 to between producers and. injectors. The 
pattern repeats with producers sharing the in^ftctnr? in each 
direction and continues to form a field-widei pattern capable of 
5 pirxSucing a lax^a quantity of oil. The injector-tx^prnducnr ratio 
approaches 2 to 1 in a large tieJd. Tn fifcampi& 1 the total oil 
production is 23,000 barrels per day throughout tho lifu of the 
project. 

Cpj© injection wel3s eLecfcrical heaters ere cfmented into Che 
JO formation and connected to a power source on tho Erarfaca. Tha 
production veils axe equipped, with standard oil field punpa for 
lifting the produced oil to tha surf aau Vn» electrical injection 
rato in 3.23 x JfflU/weJ.1 per day. 3fes tertpera±rire raf the 
injector* attains 750 »C* ifte prodactlon wells roach a terminal 
15 tenparature of 300 *C after 33-34 yearn of operaticft. Production 
over thiA period averages 5-6 barrels/day par wall, with the 
avoragc marber of active producing wells baiag froas about 400 D to 
5000. float corauitption is 1.1 x 10* UJU/barrel of liquid oil 
production. 

20 Gaseous products collected fro» the production vaells nay be 

u&*l for nn-*ite generation of electricity or other purposes, lbs 
oil-phaao petroleum Which is so produced is superior to con- 
ventionally retorted shais oil. To* relative rate of return which 
can be expected from the l&axple I situation Is Ulu&txatad by the 
"Ex. 1" situation designation on Figure I. 
WtoMPLE 2 

A series of injection and production wells are drilled into on 
oU. shale formation 225 m in thickness with 300 in of croxburden* 
The average grode o£ the oil shale interval is 26 gallons per ton 

:)0 an determined by ttscher assay. 

Tha well pattern is tl^e same seven-spot described in Hxan^le l 
except the epaciog is 13.5 m between walls instead of 22.5 m. Total 
production is 23,000 barrels/dory trooqhout the life of the project. 
The injector to producer ratio still approacha* 2 to 1 ♦ In the 

}5 wells, the beaters and production eg^ipnent are siinUar to those 
described in »-anple 1, 
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'Jfrjpi electrical injection rate is 10. S3 % 10 6 BTO/weil per day. 

TVuj iriiecti/^ vfdl tenporitures m^ti 750 'C and the prtsduntirjn 

wells reatii a final tenperature of MM u c after a pr eduction life 

of 9-10 year*. Prodoction cmr this period averages 42-43 

barreW<&y per vwll, with the average WMfc*?r of active prodarang 

5 

walls being abcut 600. Th* heat censunption i& r>«6 v 10 UUVbarrel 
of liqida oil produced* 

As in Sxairplfi I, gaseous products can be used for ccwiitu 
power gausrAtian or other purposes and the liquid product vriJJ )x> 
lumber in quality than conventionally retorted shala oil* The 
relative rate of return wuich uan be expected is illustrated by the 
"Ex. 2" situation designation on Figure 1« 

Table 1 lists cvjibirxations of oil f shale gradan , ttiicknesees 
and grade~chicknces ureducta -which are generally suitable for das 
in the present; prooess. Thu relative poBiticna of surti gracte 
thickmsts jaxtfuctn vrtth respect to the relative rate* of financial 
return are illustrated by the ctesignatioos "Pnafiarrtod Range" (F.EM 
and "Especially tasfarred Range 11 (B.P,R.J on Figuru 1. 

(•iradB (gallons/tan) P uxfcnegfl (flfl Grade x Thickness 

30 30 900 

20 45 900 

10 90 900 

More desirable grade thickness exa^plea axe shown as follows: 

Grade {gallons/tan) nqiicXnoca <m) Grade x Thickness 
30 150 4500 
25 60 1500 
20 300 6000 
15 fiOO 9000 
3 0 225 2250 

lo general, the higher the grade thickness product the mwre 
ctoairuble. nre practical application is limited only by the ability 
to haftt the desired interval. 
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Field fleet Mcasureoanta 

Teste ware conducted in an caccropping oi *n oil shale 
formation which is typical of substantially iwpenneaple aivi 
relatively thick oil. sliaLo depoeita- Thirteen borubolea were 
drilled to ueptha between 6 and 12 m and ware arranged to provide a 
pattern of beat-injection, observation and fJ^d-pro^tion wella, 
with the borehole* being spaaed About 0.6 in apart in order to 
provide a relatively rapid acquisition of data. Beat was* injected 
at A rate of about 1000 watts per netre for five days. After the 
heat-injection wall temperature bod reached 450 *C, a tcsuperuture 
fall-off test was run for one day. 

Pilose 2 shows the vertical thermal profile* in an observation 
well, as a function of tiao, "The data wafi fit bod to a unthsnatical 
solution describing the teaqparattrre diatarxbatian around a 
finite-length line eonrce inside* a medium of thacnal conductivity 
(parallel to bedding) 3.25 raal/cnj-sec-'C and tharraal candoctivity 
<pocrpendLoular) 3.25 jooal/cacB-eee-**C* She specific licat capacity 
utilized in the ral eola tions uae computed frcci the thermal 
oandoctivityy therwal dif fusivity , and averaga bulk density of 
cores recovered during drilling of the walla. The thsnnophysical 
propsrtiee for the tha oil tfiaie in Which tha taflttf viere conducted 
are sunrnacized in Table 2. 



Figure 3 ahc** radial profiles computed tax the Kiddle of the 
heated zoite for various heating tinea (tf . At the end of a 
tenqperaturc build-up test of 140.5 hours, tha average fonratian 
tenperaturo between the heater and observation well warn 120 °C, 



Initial Hesorvoir TKi^jeratiire 
Fischer Assay* 
nulX Dcnaitys 
Thermal Diffueivity: 
Specific [icat capacity: 



9.6 *C 

20 gallon/ton 
2, 2D gal/cm 3 



6.$x 1<T 3 an 2 /i 
0*224 aal/gm °C 
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Figure 4 shews a comparison of laboratory wjAges and field 
data raiative to the tharnal osnductivity parallel tn and 
pcrporxiiuular to the badding plane J of. the oil sJuiicj formation, as 
a function of tH i qp era tura. The laboratory conductivity tnoasureroenta 
5 were rade on Adjacent snn^las of cores frcro the observation well, 
lining some cores, cut parallel to and same cut pexp&tf tcular to tta 
bedding plana** A rvi trc^csv^trno&pJtete was used to eliminate 
oxidation reaction* Tha eanples were constrained In tho vortical 
direction bat ware free to expand radially* After the aanplos «ere 

10 heated to &0Q *C, tlto radial expansion averaged \.43%. As clxwn In 
tta figoi:es, the laboratory value* are In excellent agreeraent with 
tto values oanputed from the f laid data. Tho tajit* indicate that 
the therml coriductivity is lower in the direction perpendicular to 
the bedding piano, because, kerogen layers have a lover conductivity 

1 5 than tha dolomite matrix. At temperatures below 100 <*C, the tharaaS 
conductivity i» essentially isotropic, as observed in tho field 
tests. But, that oanductivity baccmee increasingly anisotropic, aa 
the Hercgen is reraoved (at teitperatureB between 300 and 400 °C) and 
gas begins to occupy the spaces between the layers. Above 700 °C, 

20 both the parallel and p&rpendicular conductivity decrease sharply 
due to the daao^pcmituvi of the dolomite and ewolotinn of CD^- 
When a G^tcrraneaa oil shale, tarnation is hearted the oil 
shale «?xp5nd3 as the taeperature lncaoasee- When the oil shale 
tait^urature reaches a kerogen pyrolysing teaparatur* {far example, 

25 frcm about 275-325 # C) additional expaneion forces are generated* 
The kercgen is converted to fluids capable of occupying u larger 
volume- than tha kerogan, and surii flLuids become increasingly 
pxeeaurazed When the tenperature is increased. As more fluid ia 
fortn&d and box* fluid is heated, hydraulically irdacad fra ct u res 

30 form within tho oil ehala fcwirtioft. 

Fractures which are h/droulioally induced within eiibterranaan 
eaxtb fortnations fans along planes perpendicular to tlie least of 
the three principal cnapreneive s tr esses (i*e>/ one vertical and 
two itatually pHrpendicular horizontal compressive stresses) *rtxich 

M exist within any subterranean earth fornortian. However, whence the 
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Hydraulic fracture* tend to be vortical, horizontal fractures can 
ba foraecl by ln^ting heated fluids GO that the wall* of Che 
vertical fractured am teated urctiJ they swell shut. Than, by 
Lncrcasirig the fluitf injectiai plt^k^uxb to greater than twtarbuixinn 
pressure, a horizontal fracture can be formed* Such processes for 
thranaily inducing the formation of horizontal fractures by 
injecting externally heated end pressurized fluids are described in 
patents such as tlvt abofe-n^tfrtiorjed US Patent tta, 3,284,761;, US 
Patent No. 1,455,391 by CP. aatthaws, Varmwora and C.W. Vblek, 
And US Patent No* 3,61.3,785 by P.J. Closrtann- 

AH>licants have mar discoverad that when substantially 
jjrpenneab.1 e svbterrancan uil stales having bbc prfccaiitly specified 
caibination of grade end thickness were ccoductively heated a* 
presently sposified., e ot» of parwvibility van tfevetcped between 
wells within the oil shale, Alttough tlie present invention is not 
premised on any particular raachaniwn, in the course of such a 
trcatirenrt tba heated oil shals behaved as though it was subjected 
to the ftbc\tt-deB£ribed type of procass for thermally inducing the 
formation of horizontal fractcrres. Such a be&wiour was not 
predictable, sine© the t»r«Hent process is operated without any 
injection of any fluid. It appa&re that when the present process is 
eperatod within an ixparjnnable oil £hal» r the in situ generation 
and displacement of heated and higbly pressurized fluids occura at 
the timee and to the extents needed to successively extend and 
horisonftally fracture through suoodsslvb portions of the oil shale. 
When thoss portions become condactively heated. Thfc 20ns being 
heated appears to undergo a relatively uniform, horizontal/ radial 
expansion through tho oil shale, at the rate set by tho thermal 
conductivity of the oil shale, m each successive location in t&ich 
a Xerogsn pyroly2ing tertr*r*ture is leached, fluids appear to be 
formed/ heated and pressurised so ttiat substantially any vertical 
fractures vjhicb are formed within the heated zone are subsequently 
converted to boricontal fractures* 

JXcplicacttf' tests indicated that substantially all of the 
fluid p/rolycis products of the oil shale to retrain in or 
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rjear die iixastions in which they were footed until they were 
displaced r through substantially hortxortiral fractures, urto wlis 
adjoining tbo haot-inneci/iDg wells- In addition, the fracture- 
inducing pressure of fluids in ths Itoxizorrtal fractures uppers to 
5 liavo been reduced as those fluids expanded end Mere cooled as they 
taoved away from tha hottest portions of the boated zone. 

thus, the prB«REt proofs seem to indooe the- moving of a zone 
of kem^eu rfyL oLyzipg temperatures thrcixjh tha oil shale 
iinra±Uctely behind a zone of Jxcaliaed fracturing in which tha 

10 fractured arc-, or soon becom*, horizontal fractures, Ofce hcatiiig 
and fxactjuririg conea seen to undergo a, substantially imifbtra, 
horiaontal, radial expansion through tha oil shale, until the rone 
of fracturing reaches a location (sod) as the borehole of a 
production wall) frrxn wiiich the oil shale gyrol/ais products are 

IS withdrawn. 

Ill addition, applicants nave discovered that, at least where 
the overburden pressure ia mailt tha zone of permeability -that is 
croated between adjacent walls retains a significantly high degree 
of permeability after the forttationa have cooled. Thus it appears 

20 that* even if tha overtardsn pressure is high* an ar^licartion of 
tha pw bwii t process is capable of forming a well-interconiiecting 
zono in which the permeability rewiins nigh or can be readily 
restores by an injection of fluid after some or all of tha heat has 
dissipated* And* the degree and location of that permeability can 

25 be controlled by controlling the rate of renewing fluid fxcxn the 
producing wells. 

The data obtained by raasurenents iu field testa of the type 
deRacibsd above ware inclusive of: the thermal conductivity of the 
oil shale faraeitior^ the amount of oil recoverable by Fischer 

3U analysis at various depths within heated intervals of the oil shale 
before and aftor heuting, the measurement of the amount of 
pymlysis products toooMered, and the like. While no oaniaanioatifx) 
existed between heat injectors and producers at test start-up, 
itrjecHnns ut the end of the test deroc Dst r a ted t)iat permeable 

35 channels had formed* Th* results u£ standard engineering 
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calculations were Lxlicati.vw of the applicability of a. irencep t of 
the type cjMcrirx>d above to the results obtained by the teats, 

Figoro $ is a <jrAph of Fiechfsr A*&ay yield*/ frotn the tarqRt 
zaaz in the field test, as a lunctinn of dftpth 0. 'ifce heatad 
5 interval c* traded from 4.2 bo 6 Tina HDlid curve shews the yields 
hHfoi^ the heating trwrtjrwrtt and the. dashed curve shown the yieldo 
aftjRi: TBtorting was consisted, < TTv? yields bafara and attar w*re 
otfKentially lbs ?3Ct» outside thn heated interval. Utt lrta^uroniants 
weaoe attdfc on octree frexn the centre of the pattern before heating 
iu atxi on coros about is on away after hoatlug* Htm variations which 
are apparent in thosa yields are within the normal limits of 
accuracy for the nKaayring of such value** 

Within the heated interval tho Fischer Assay yi<Od drops frcxa 
on average of 20 gallccm/tarv before the t*st to lees than 2 
IS gallona/ton after heating. Ibe retorting efficiency within the 
process eons wan thus better than 901 of richer Assay. 

The pattern and extent of rho recovery confirms the fact that 
little oil was lost over the producing horizon through vertical 
fractures. In addition, the tanirorroLty ill rofcarting efficiency 
20 through the heated zone, Indicate* that thermal fronts ware 
approximately uniform ever most of the heatad interval* 

The uniformity of the thermal fronts is even mare apparent in 
Figaros 6 and 7. Ufcey show horizontal and vertical temperature 
profiles calculated for a set of vertical heaters in a five-spot 
25 square pattern. 3fae set road in the calculations included four heat 
injectors end one centre producer (not shew, hut centorod bstwaaa 
the heaters shown on -the fignres} . Each hcatar was assumed to be 
24 m long and heated at the rate of EJ14 W/nu 

'l'he profiles Jji Jigura f> (graphs of tenporature variations 
30 with distance* frcn the heaters) were calculated along a horizontal 
Solent 1^1^ which extends through the mid-points of heaters at 
opposite coxnars of tne square* Figure 7 is a i*** graph of 
profiles alco*f a vertical segment 1^1^ an the axis o£ symnetry of 
the pattern. 

35 Such calculations indicate that by the time retorting 
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temperatures (275-32.5 °C) tax: maenad at tha cflnLre of the pattern, 
«orc than 87% of itji vnltroe has boon ourtwrbud whila only about 14* 
of tbe converted voluau uat> heated to more than 325 Furthermore, 
the calculations ir<dioate that if tbe poxcx is turned off or 
x-edannd before the osntrv roaches a tazxptt. teirperatiiLe such as 
325 *C f the 3 evening off of tbe thermal frcnUJ will still bait the 
centre o£ tha pattern to retorting tafltyerature? *rv3 will also 
rectos tha teaaxuratmret ruw at the hooters.. Thin node of operation 
can ensure that loss than lot of the heated volume is boateS to 
more than 325 °C, and thus can increasa the thermal efficicavry of 
the process. 

In view of tha above teat results and the calculation* based 
on those results, it appeara tbart, oantxa to the parlor teaching* 
and beliefs, the initial intjermonhi lity of an oil shale deposit con 
be utilised as an advantage. One initial impermeability oanfinc& 
the fluids and fractures within the well pattern, since no 
pscneabUity exists until tha zoo* between the heat-lnjeotio^ and 
flaid-rasxLiJcing wile becare permeated by a pattern of heat- induced 
horizontal frfcr^nres. 

In tho present process , the rate at vhich hiaart ia transmitted 
into the oil shale dapocit is strongly affected by tho Uji^ol'jLotg 
gradient between a heat-injecting well and the svmnmdijng earth 
fonuition. In a preferred procedure, tha d&terminatianB of 
variations with depth in the oairjositian and properties of the oil 
shale deposit iuKrlude a dotonnlnation of the pattern of heat 
conductivity with depth within the earth faxrtatlons ad^aceat to the 
heat-injecting wall. Based on such aeterfldnatiaas tte tenperatures 
to Vhlch at loaat one heat-injecting well Is heated are arranged to 
be relatively high at the depths at which tha heat oapdoctivities 
of tha adjacent earth fornafcions arc rolativoly low* This tends to 
causa tho rate at which heat is transmitted through the earth 
fornatictas to he substantially uniform along the axis of tha 
be*t-VTi>eccing well. Rkmh prooaduxes- can be utilized in order to 
provide higher tenperntoxes in portions of heart injecting wells 
adjaoant to earth formations of relatively low heat conductivity « 
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For example. In veils which are being heated by electrical 
resistances, additional resistant elements can be poBitioned at 
the location at which extra heating is required , preferably vith 
precaution* being taken to avoid the creation of "run-away hot- 
spots" due to increasing temperature further increasing the 
resistance and thus further increasing the beating, for example, 
aa described in the common Ly assigned! Canadian patent application 
serial No. 495,854 filed November 21, 1985, by P. VanHeurs and 

10 C.F. Van Egmond, In wells being heated by combustion, more, or 
larger, or more heavily fiired, burner elements can be positioned 
in auch locations. 

Suitable determinations of compositions and propertlei 
of the minerals and/ or organic components of an oil shale deposit 
and the variations with depth in such properties can be wade by 
means of Known veil logging, reservoir sampling, and the like 
analytical procedures* The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for example, the variations with depth in the heat 

70 conductivity of the adjacent formations can be determined by 

calculations based on the kinds and amounts of materials pre Bent r 
and; or by thermal conductivity logging measurements r etc. US 
Patent Ho, 3,60? r Z27 describes a logging tool containing a 
constant output heat source and three temperature sensors tor 
obtaining a log of relativa thermal conductivity »ith depth, US 
Patent Ho. 3,892,126' describes logging cased or open borehole* tov 
temperature, spacitio heat and thermal conductivity, employing a 
constant output heat source and three temperature sensors. US 
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Patent No. 3,86©/ 96» deectibea a logger tor making station 
measurement* oi? thermal conductivity by beating a formation for <t 
time then measuring the rat* at which the temperature decays back 
to the ambient temperature. UfJ Patent Ho. 3,961,167 describe* 
logging therval conductivity of a cased vail by measuring the 
temperature of the casing wall before and after passing a heatad 
probe along the vail. 

Aa indicated above, even with respect to a five-apot 
pattern in vhlch a single fluid- producing well ie surrounded by 
four beat-injecting wells, substantially all of the intervening 
oil 
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shale con b; both retorted <uid uudu permeable, Hdwsrver, the present 
invention is preferably caployed in a series of cintigtxnK seven- 
or thirtecn-spot patterns — in either »I which pattenw 
(particularly in the t±iii - teeav*spot pattern) tbc retorting rata in 
5 significantly increased by having each fJui<3-pnxWOlDg well 
surrounctoci by eix Or twelve hesat-injectingr wilXs. 

The wells used in the present process can be ouTpiHtai by 
eubetantially any method for tfrtJHng a borehole into &r*Vor 
opening j j^-exiefclna; boreh^3e into £lui<3 ooRnumication vith the 

10 sultterranean oil shale lonoatiotn to be used as an oil shale 

toaatment interval. In addition to Itaving the specified <ibs«rxxr of 
significant aznounts of nribile water , Wholeness, and grade of Oil 
shale, the interval to which the present proc*3* i«j applied should 
be capable of oanf ining fluid art least Bubctantxally within the 

15 treatment interval, at least in respect to allwing no significant 
leakage into overlying Nations vfhen the pressure of the fluid 
teaches proceas pressure, and fractures the formation within the 
treatment interval. The boreholes of walls corpleted fcrr use in die 
prcsont process should be substantially parallel and separated by 
subRtantia31y equal distances of at least about 6 m. BareJtoJLe 
separation distances between injectors end poajdncers of fmra about 
9 to 30 ca are particularly suitable. Boreholes free of deviations 
from parallel, which cause variations of more than about 20 per cent 
of the wa-11 distances are particularly suitable. 

25 jxi the fceat-ixgecWng *?ells used in the present process, the 

cement or oanant-liXo mterial which is used to es&l along the face 
of the oil shale formation ia preferably relatively heat-conductive 
and substantially f 3 uid-inpermeable . Particularly preferred cements 
nra stable at temperatures of at least about 800 °C, hava a 

30 relatively high tharml conductivities * relatively low perrneability, 
littlo or no shrinkage, an adequate ease of punpability and good 
cteoiicaO resistance/ etc. Uha pemeability and disposition of the 
sealing material should provioe a seal capable of pre v en t ing any 
significant amount of fluid flew between the interior of the 

15 borehole 9nd the face of the oil Rhala fbrxaation, so that the 
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transfer of heat from the *Juii to the formation is substantially 
wntireJy by ncxvluction. WbGXO portions of tbe iiKat-ini«cting wall 
borehole axe effectjiveJy increased in dias&tcr near upper and lews* 
cxtraidtl^fi of thu treotnent interval, for example, under- 
5 redoing, the dlaoutere of the increased portions are preferably at 
least about 110% of Lbe nominal tcrehnlH dLaraebar* Calcium 
aluaiiata-bcnded concretes and/or cemants oonti iinin g alumina- 
eiliuate aggregates (or fine particJ.ee) are particularly aultablo 
for ueo as such fbrncrtion face-sealing nHberials, ftcanptes of 

10 suitable cements and cox*sttebes include those described in US 
patent* such as 3,079,232; 3,507,332 and 3,595,642* 

Figure 8 shows a portion of a hcat-injccting veil bcox>hole, 
borehola 1, which is suitable far use in tbe present invention and 
is located within a twartraent interval of subterranean all shale 

IS deposit, ftoxeholc 1 ocnt&ina wilargwd purtiens, *uch as portions 2 
«md 3, which can be formed by conventional procedures such as 
u^^rraaoing during drillirxj, etui A. casing 4 is shown positioned 
vfithin -die borehole and uHnm i tw d into plaaa witb a fluidr 
ijtpenreablo, haat-ccnduetive material/ each aft oaEenb* 

20 Within each enlarged borehole portion, the casing 4 is 

equipped with at least one h^at-^rjoirtuctive metal element, such as 
collar 6, containing radially extensive elements or portions, such 
as flexible metal toesbers 7. Such hcat-arndtactivo iratrrinls fern 
relatively highly conductive paths for conducting beat ft era within 

25 the interior of a borehole to substantially the wall of an enlarged 
portion of the Ixzebote* Examples of suitable heat-oon&jctive netal 
elements include natal wall scrabchexs, torbal eavsa inducers r 
oentraltzers and tbe lite such as a Karatar-lok rurhebonder, or 
Boltlok TUrhriborirtftr, available from Bakerlirw division at Baker Oil 

M tools or a 101 Bar S ccntralizur available from Antelope Oil Tool 
aiv3 Maimfacfcuring Cospany, cto. 

with <jti arangvansnt of tbe type shown in Kigore 8, at' least to 
aoft£> detent, tJtu front of heat tra nsm itted away from a heat- 
injecting well can fas mode sore uniform along a vertical line 

35 traversing a layer of relatively low heat conductivity without tbe 
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necessity' of train tattling a higher teopcroture in the portion of the 
well adjacent to that layer. When a uniiouw tkitoptttsiture in 
l mint rtl npfl 'Within tti* interior of the borehole, the earth fnraiati.cn 
face. alonrj such an enlarged portion of the borehole bcoouaes heated 
to substantially the amn taBaperatoxe as the roiTtjaO.ott face alosvj 
narrower portions of the borehole. Sinus tfm face of Che fonnatioa 
artjoi ning the borehole is haatod to the highest tenperatxire of any 
portion in tha fannation, the toapcxafcure gradient extending 
radially away iron the enlarged portion of the baio-bole is shifted 
radially auay frora ths. botetaJe* 

tn general, tha heating of tha interior of tha hast-ln^acting 
well can be acccapliehed by substantially any type of h-atirjg 
devioe f such as cattxasticn and/or electrical type of heatincj 
oLements, or thst like. The beating element stoold e.Ttcnd 
substantially throughout thus Usatiueni interval (preferably 
throughout at 3«rWt about (JO per cent of tJiat ijartervol) - tttisre a 
ocrtoustion type heating element is used* a gas-fired heater ia 
proferrod. Tha ftel and oxidants fin: a contaetian hotter <such as 
methane and oxygen) arc preferably supplied trou^i separate 
conduits leading through a heat exchanger in which tha Ixmardng 
fluids are heated by tha our fl owing ccofeostion products. Tho burner 
iiouaLng and fluid conduits of a oonbustion heater, are preferably 
installed within a wall conduit vtoich is surrounded by an annular 
space that ia filled by the cenent. for sealing the face of tha oil 
shala. Generally suitable types of catbuetion heaters Which could 
be arranged for use In the present process are ripftnHhwi in as 
Patents such as 7,G70 f B02> 2 P 7$0,4S0 and 2,9M,270. 

An electrical resOstanoe boater is particularly suitable for 
heatiaag ths interior of a haat-injecting well in the present 
process. & plurality of xcslstenoe olenaots are preferably ueaa. 
The nRsiatanca elements can be rnountod within or external to an 
internal conduit or rod/ or siicply extended into the borehole tfhan 
the resistances ore tortDSrrinl to, or are free of a supporting 
elaffftntr such as a conduit or rod r they are preferably enbedoed in 
iJte ccroont which seals tite faoa of tha oil stole along tha 
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trccitufint interval* Generally EUitablo types of electrical heaters 
which could be arranged fcr rwe 5n th« present precede; an? 
described in US Patents such as 2,472,445r 2,4B4 P 063 ? 2,670,802> 
2,732,195 ajvi 2,954,826. 
5 In various reservoir situations, portions of oji <nJL Hholn 

dc&»fcit which Mould, in general < he suitable for ua* oat a treatment 
intervalr as datcribad in cur parent application may bo> p^rn^ated 
by nauural fracture aid/or piar«a of weafcnese. Ouch relatively 
weak, rncks may tavSesrp relatively long extension* of vertical 

10 fracture© when pressurized fluids being tosplaoed a*9ay £rua an 

injectica well ntn* into tinea. This nay result in extending fluid 
pasfaageways JMyarad tJtt opening into production well* arcVor into 
adjacent aquifers capable of causing an Inflow of wetter to w 
extent ctetrJuten-fcal to the oil recovery process. 

j s JSC- have us* diwuovered thart such prenature fracture extensions 

can be avoided by drilling and heating "guard walls* within such 
relatively weak oil shalo zones in locations fiurrouDdinij a pattern 
of heat injecting and fluid producing veils and/or in location* 
intermittent between a heat injecting or fluid producing well and 

20 an adjacent aquifer. Sach guard wells axe used for oanductively 
heating Che adjoining formations s ub st an t i ally t^ircujhout the oil 
allele interval to be treated bo a txseperatuxe which is too lov to 
gasify significant proportions* of the oil shale organic ccaponents 
bat Is high enough to a&U££ & significant thermal expansion of the 

25 recta* Mien thorn rocks are heated the natural fractures ore kept 
closed end the fracturing ceueed by the approaching pressurized 
f hxids (displaced away from Ixiat-injecting wells) tends to 
liiflitort to horiscntal fractures coneantrated along the sides neexeat 
tn the nsat-injaefcing wells. Where fluid producing wells are 

30 located substantially between the heat- injecting wells and the 

guard wells, the fractures arc nrefMrentiaily extended into those 
wells, where tJ % je high fluid pressures are quickly reduced by the 
production of the inflowing fluid. 

The ercountering of such relatively weak reservoir recto is 

33 apt to be irriimtad by on inflow of water into wel la dril led into 
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such rocks* B3 gsnaral, tha natural ftoactanm ^mating 0 relative 
wa&fcrwsis ana/or water inflow coi be thwaaally olocax* fay a 
relative} y mild h9*ting P a* long a* tho fr&cturo porooity i* aot 
wore, than about 5 per cent* 
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1 . in a pxooass In which oil is produced firm a stf>terranean oil 
■thai* deposit; by extending at luaat arte each of heat-injactiJtg and 
fLii o rp rijUu cing wH» into the deposit, esta b li sh ing a heat- 
carttluctlvq fhdfrittpennBafol* barrier between the interior of each 
5 h^-injcctlng wall and the odjocamt deposit, and then heating 

jnterfor of each heat-injecting Mill at a tesperatOTa sufficient to 
uorkdiictively heat oil shale terogsn and oaus© pyrolysis products to 
torn fractuxva within th* oil shale deposit through which the 
pymlysia products <tro displaced into at least one production well, 
>0 an isrpxoveinent for enhancing- ti» uniformity of the haat frosts 
novin? through the oil shale deposit, uhicb ocnpriflcfii 

determining variations vitJi depth in the composition and 
properties of tha oil shale deposit? 
cccnpietnng said haat-injeetlng and fliaiJ-p r cducing wail* 
J 5 relatively Into a tzoatmwit interval o£ oil shale in which 

the oil shale deposit (a] is at least about 30 m thick, {b> is 
substantially impermeable and free of mobile vater, (c) has a 
ocovoaition and thlcta&ttO such that the trrodutrt of tlie average 
Fiachar A.wy grade tines the thickness of the treatment 
20 interval ia at least absot 9fl0, and (d) thereby contains 

oonpanent.s capable of interacting in a aannar enhancing tha 
uniformity of a front of canSuctivoly tranooittod hoot, with 
said well* bain? arranged ao that, at least substantially 
(fcrcogtoat said treatment interval, tJte wall boreholes are 
23 substantially parallel and an* aa parats d by aubatantioliy 

equaX distances of at least about 6 nu_ and 
within tha interior of each he^t-irijectang vail maintaining an 
atteraga tzxperotuzv which , selectively alone; Raid treatment 
interval, is at loast about 600 *c, hot is not high enough to 
3) thexnally damage equlpa&tt within the well, while heat is 

being transmitted away from the veil at a rate not sign!- 



ficantly faster than that paradtted by the thermal con- 
ductivities of the earth fiiixtatians odj*cKnt to the heated 
interval within the well. 

2. The process of claim 3 in which, to the extent, required, to 
S kfiep tto ratu at which lieat ic tr a na m ittad U ir mqh the Oil Shale 

deposit «ubctantially uniiortti aloo^ tlx: axes crt the heated interval 
of the heat-injecting veil, the tsaperaturta at which at 
least one heat-injecting wall is heated is relatively higher at 
depth* adjacent to partiosa of lh? oil shale deposit in which the 
10 boat conductivities ore relatively lower, 

3. The process of claim 1 in which the rate of heating the 
inter ior of at least one heat-injecting well is varied to an extent 
causing an effective levelling off of die thermal front so that ttv? 
rats of aduanew through the oil shale of the t hurra 1 front- >» 

(5 ocaciBued at substantially the suae rate while the rate of Increase 
of the tenpyrature within the borehole is significantly rodnoed. 

4. Oha process of claim 1 in which the heat-injecting and 
fluid-producing rails are arranged In a series of contiguous 
patterns in which each fluid-^jroducing veil is surmiraWl by at 

20 least four beat-injecting wells. 

3* The process of claim 4 In whit* each fluiarprodacing well is 
surrounded by twelve !emb-irj jesting irelli** 

1 r ne process of claim 1 in vihich the oil shale grade is at 
least about 20 gallon* per ton and ths gxade-tnictoess product is' 
23 At least about 4500, 

7. she process of claim l r comprising the steps of 

in each heat-injecting well P e^tentxally tNrcughoat the 
treatment interval, sealing the faos of the oil shale format Ion 
with a solid material which la relatively heat-ooDdnctive and 
yj substantially fluid hrperraable* 

in at least one heat-in jecting veil increasing the effective 
dumiar of the borehole in at least cue parti on of the treatment 
interval and eorbandia? at least one beatz-oendoctive metal aleaa a t 
from within the iitteriotr of the borehole to near the face of the 
35 90-<mlarged portico of the borehole;, and 

in each Huia-producing well, cabefcarrtrially throughout the 
treatment interval/ establishing fluid ooorajnicatkn between the 
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well bore anfi the oil shale formation and arranging the well tor 
prnritacanq fJuid from the oil shale formation. 

8 » the process of claim 7 in which tfca ratgrinl fianling tin* faua 
of the? oil shale fornotim along the bor*bol« oil a bsat-in >ctiug 
well is a oesnaut arranged to fill substantially all of the apace 
betwren the outoruont aiatallicf tilGcmmtfc uithlu tho interior of tho 
borehole and tfw €ao» of the oil shale formation, with, said oromt 
having a thermal conductivity at 3eaert Buhwtnntially as high as 
that of tho oil shalfii foaanatiod. 

9. The process of claim L in uftich at least ens veil located coar 
an edge of a pattern o£ teat- injecting and fluiflhpro^octng w»Hh is 
extendi substantially tiiroughcwt ths ijomatxmnt interval and hearted 
at a tenperaturta high enough to causa a thermal «j$wndingr and/ or 
compressive stressing of the adjaoant earth fortnations but Ion 
enough to avoid significant thermal Krfrili station of organic 
ccxtpossBritG of tba oil ahA in. 

10. The process of claim 9 in which at loast cm so heated veil is 
subsequently boated at about the toiporafcure selected for tte 
heating of the heat-Injecting wells being employed, 

1U £he prooeaa of claim 1 in which th9 wall horahnlas of aaid 
haat-irtjeatieei and fluid producing wiilla are separated by 
substantially equal distances of about 9 to 30 su 
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shale dll i£ subsequently produced hxm a aubtarranean 
interval of oil &hate, vzUare tlie interval is initially 
substantially Jnpexneable and contain* a apadUEiea gcade and. 
thickness of oil shale. Said interval in cgndiicttwety heated froti 
borehole interiors which axe kqpt hotter than about (500 »c and are 
heated at a rate soda that kerogsn pyrolysls prodects formed within 
the oil stole create and £lo* through horisootaL fractures fcfriieh 
subeetjueatly beoawo cstaodad Into xluid-prcducljsg veils that axe 
positioned la spacxflied looatijon»* 



